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Description 



CAIN CELL MEMORY HAVING READ 
CYCLE INTERLOCK 

Background of Invention 

[0001] The present invention relates to integrated circuit mem- 
ory, and more specifically to an apparatus and method of 
controlling a read cycle of a gain cell type dynamic ran- 
dom access memory with an interlock signal. 

[0002] For several decades, the one transistor dynamic random 
access memory (DRAM) has been the dominant choice for 
high-density and low-cost semiconductor memory in 
computing systems. Recently, advancements in miniatur- 
ization have allowed DRAM to be integrated or "embed- 
ded" into the same integrated circuit ("IC" or "chip") as a 
processor which requires access to a memory.Embedding 
DRAM on the same chip with the processor not only re- 
duces packaging cost, but also significantly increases 
available processor to memory bandwidth. Because of the 
smaller memory cell size, embedded DRAMs can be about 



three to six times denser than embedded static random 
access memories (SRAMs), and operate with lower power 
dissipation and up to 1000 times lower soft-error rate. 

[0003] DRAMs which are embedded into chips having a processor 
function are typically implemented by a one transistor and 
one capacitor DRAM cell structure (1T1C cell), which is 
commonly used in standalone commodity DRAMs. Fig. la 
illustrates a transistor level schematic of a 1T1C DRAM 
cell 10A. When a wordline, e.g. WLA, of the DRAM is acti- 
vated, the access transistor 11A coupled to that wordline 
turns on, which then couples the capacitor 12A having a 
voltage stored thereon to the bitline BLA. This results in a 
small voltage signal on BLA due to the transfer of charge 
from the capacitor 12A to BLA, or from BLA to the capaci- 
tor 12A depending on the value of the voltage stored on 
the capacitor. As a result of this charge transfer, the volt- 
age on capacitor 12A that originally represented a data bit 
is destroyed, which is termed "destructive read". 

[0004] The other bitline BLB of the pair, which is not coupled to a 
memory cell accessed by the activated wordline WLA, re- 
tains a bitline precharge voltage, and is used to provide a 
reference voltage to a sense amplifier 15 to which BLA is 
also connected. At the sense amplifier 15, the small volt- 



age difference between BLA and BLB of the bitline pair is 
amplified to rail-to-rail logic levels. The amplified logic 
level signals on the bitline pair BLA, BLB are then available 
to be read out from the memory. If the particular column 
address corresponding to bitline BLA has been selected 
through column select line CSL, the signals on the bitline 
pair are transferred to a pair of data lines DLA and DLB. 

[0005] whether or not the particular bitline pair is selected for 
read out by CSL, a writeback operation must now be per- 
formed to restore the data to all the cells of the 1T1C 
DRAM that have been accessed by the activated WLA, the 
data having been destroyed as a result of accessing those 
cells by WLA. This is performed by the sense amplifier 15 
driving the pair of bitlines BLA, BLB with the amplified 
logic levels that were obtained in the previous step. As a 
result of this operation, the accessed cells are restored 
with the same data that they held before being accessed. 

[0006] instead of writing back the previously stored information, 
another possible operation at this time is to write new in- 
formation into the accessed cell coupled to the bitline 
BLA. In this operation, the sense amplifier 15 drives the 
voltages on the pair of bitlines BLA and BLB to comple- 
mentary low and high levels, or high and low levels, re- 



spectively, according to write data signals that are input 
thereto from the data line pair DLA and DLB. Typically, the 
write operation is performed after a read operation, be- 
cause only some selected cells of the many cells that are 
accessed by the activated word line WLA are to be written 
in a given write operation, and the data stored in other 
cells accessed by the activated wordline WLA are de- 
stroyed as a consequence of accessing the cells, i.e., the 
write operation to a 1T1C DRAM is destructive. The sense 
amplifier 15 must then write back the accessed data bits 
of the nonselected cells in a writeback operation as de- 
scribed above, which is typically done simultaneously with 
the write operation to the selected cells. This process of 
simultaneously writing back stored data while writing new 
data to some cells is known as a read modified write op- 
eration. 

[0007] | n a itic DRAM, the destructive read operation followed 
by write back, and the read modified write operation made 
necessary because of the destructive nature of writing, re- 
quire longer cycle times than read and write operations 
performed within an SRAM because read and write opera- 
tions are nondestructive in an SRAM. This makes the per- 
formance advantage of conventional embedded DRAMs 



small over standalone commodity DRAMs. Hence, the es- 
sential advantage of conventional embedded DRAMs up to 
the present time has been to provide high-capacity mem- 
ory on the same chip as a processor, e.g., for executing 
graphics applications, rather than as a high density, high 
performance alternative to SRAM. 
[0008] | n order to increase the benefits of using embedded DRAM 
over standalone DRAM or other types of IC memory, im- 
provements have been made to the architecture of em- 
bedded DRAMs toimprove bandwidth, latency and cycle 
time. Because the width of the input output (I/O) interface 
between processor and embedded memory is already 
much larger than the I/O width to an external (off-chip) 
memory, page mode operation which is commonly used 
for standalone DRAMs does not greatly increase the aver- 
age speed of accessing the embedded DRAM. Instead, im- 
provements in the time to randomly access cells of the 
DRAM (a measure of latency) and the cycle time (a mea- 
sure of address bandwidth) areparamount to increasing 
the performance of the embedded DRAM relative to alter- 
native types of on-chip memory, e.g. SRAM, or standalone 
DRAM. However, as described above, the performance of a 
1T1C DRAM is strongly dependent on the cycle time 



needed to write back previously stored information after 
reading cells or while writing to selected cells of the 
DRAM. 

[0009] a particular type of DRAM known as "gain cell DRAM" ex- 
hibits much improved cycle time over conventional 1T1C 
DRAM, due to the nondestructive nature by which the gain 
cell DRAM is read and written. Accordingly, in a gain cell 
DRAM, the long duration read/writeback operation and 
read modify write operation of 1T1C DRAM are not 
needed, such that the cycle time for accessing cells of the 
gain cell DRAM is much improved. 

[0010] Fig. lb shows a schematic of a three transistor, one capac- 
itor cell 10 of a gain cell DRAM (3T1C gain cell 
DRAM). Each gain cell 10 includes a capacitor 21 for stor- 
ing a voltage representing a data bit, a write access tran- 
sistor 20C coupled to a write wordline WWL for storing a 
voltage on the capacitor 21 from a write bitline WBL, and a 
state transistor 20B having a gate coupled to the capacitor 
21 for indicating the stored state on the capacitor 21 over 
many read operations performed after the voltage has 
been stored on the capacitor 21. The gain cell 10 also in- 
cludes a read access transistor 20A coupled to a read 
wordline RWL for outputting the current high voltage or 



low voltage state of the state transistor 20B onto the read 
bitline RBL. 

[0011] | n operation, read access is provided by activating the 

read wordline RWL, which then couples the state transistor 
20B to the read bitline RBL. Depending upon the voltage 
stored on the capacitor 21, which is the same voltage ap- 
plied to the gate of state transistor 20B, the state transis- 
tor 20B will either be on or off. If the state transistor 20B 
is off, the read bitline RBL will exhibit a voltage at or near 
the supply voltage Vdd that is connected to RBL through 
resistor RIO. That high voltage on RBL will be detected as 
a first stored data bit value , a "1", by the sense amplifier 
25. However, if the state transistor 20B is on, the voltage 
on RBL will be pulled down by the conductive path to 
ground through transistors 20A and 20B. The sense am- 
plifier 25 will detect the lowered voltage at that time on 
RBL as a different stored data bit, a "0", than for the 
higher RBL voltage, the "1", that exists when the state 
transistor 20B is turned off. 

[0012] a write operation is performed using a write wordline 

WWL and write bitline WBL that are separate from the read 
wordline RWL and read bitline RBL that are provided for 
reading the gain cell 10. Writing is performed by activat- 



ing the write wordline WWL to turn on transistor 20C, and 
then storing a write voltage on capacitor 21 from the write 
bitline WBL. The signal on the WBL is single ended. When 
writing to the gain cell 10, write control circuitry 27 drives 
the voltage on the write bitline WBL to either a high level 
such as the supply voltage VDD or a low level such as 
ground, depending on the value of the data bit being 
written. 

[0013] it j S apparent from the foregoing that read operations to 
the gain cell are nondestructive, in that the voltage stored 
on the capacitor 21 remains after many operations of 
reading the cell, since there is no conductive path be- 
tween the capacitor 21 and the read bitline RBL. The non- 
destructive nature of the read operation allows the read 
cycle time to be shortened compared to 1T1C DRAMs, be- 
cause accessed memory cells no longer need to be written 
back after reading. Because the read cycle time is so much 
shorter than in 1T1C DRAMs, use of a 3T1C gain cell de- 
sign for DRAMs embedded into chips requiring fast access 
and low latency appears especially advantageous. 

[0014] while the foregoing discussion indicates that gain cell 

DRAM may be an advantageous alternative to 1T1C DRAM, 
it would be desirable to further improve the cycle time 



and latency of gain cell DRAMs. In such way, gain cell 
DRAM can be an advantageous alternative to 1T1C DRAMs 
and/or SRAMs for embedding into chips having a proces- 
sor function. 
Summary of Invention 

[0015] According to an aspect of the invention, fast read cycle 

embedded DRAM is provided using a three-transistor one 
capacitor (3T1C) gain cell structure. 

[0016] According to another aspect of the invention, a method of 
controlling a read cycle of a gain cell DRAM is provided, 
by generating an interlock signal to minimize the time for 
performing a read operation, including minimizing read 
active time. 

[0017] According to another aspect of the invention, a method is 
provided for accessing a storage cell of a dynamic random 
access memory (DRAM) having an array of gain cells being 
read accessible by a read wordline and a read bitline, and 
being write accessible by a write wordline and write bitline 
separate from the read wordline and read bitline. The 
method includes activating a read wordline of the array of 
gain cells to permit signals from a plurality of gain cells 
coupled to the read wordline to develop on a plurality of 
corresponding read bitlines coupled to the plurality of 



gain cells. An interlock signal is then generated in the 
DRAM after activating the read wordline. The read word- 
line is then deactivated in response to the interlock signal. 
[0018] According to another aspect of the invention, a dynamic 
random access memory (DRAM) is provided which in- 
cludes an array of gain cells being read accessible by a 
read wordline and a read bitline, and being write accessi- 
ble by a write wordline and write bitline separate from the 
read wordline and read bitline. The DRAM further includes 
a row decoder operable in response to a row address 
strobe signal to activate a read wordline of the array of 
gain cells, to permit signals from a plurality of gain cells 
coupled to the read wordline to develop on a plurality of 
corresponding read bitlines coupled to the plurality of 
gain cells. The DRAM also includes a circuit operable to 
generate an interlock signal after the row address strobe 
signal, wherein the row decoder is further operable to de- 
activate the read wordline in response to the interlock 
signal. 

[0019] According to another aspect of the invention, a method is 
provided for measuring read cycle performance of a gain 
cell DRAM. 
Brief Description of Drawings 



[0020] Figure la illustrates the structure of a one transistor one 
capacitor DRAM. 

[0021] Figure lb illustrates the structure of a three transistor one 
capacitor gain cell DRAM. 

[0022] Figure 2a is a block diagram illustrating an embodiment 
of the invention having a wordline interlock signal for 
controlling read cycle operation of a gain cell DRAM. 

[0023] Figure 2b is a schematic diagram illustrating an X- 

decoder of a RWL decoder portion of the gain cell DRAM 
illustrated in Figure 2a. 

[0024] Figure 3a is a block diagram illustrating a second embodi- 
ment of the invention having a bitline monitor interlock 
signal for controlling read cycle operation of a gain cell 
DRAM. 

[0025] Figure 3b is a timing diagram illustrating operation ac- 
cording to the second embodiment of the invention illus- 
trated in Figure 3a. 

[0026] Figure 4 illustrates the structure of a signal for generating 
a bitline monitor interlock signal from a sample read bit- 
line. 

[0027] Figure 5a illustrates a third embodiment of the invention 
suited for measuring a read cycle time of the gain cell 
DRAM. 



[0028] Figure 5b illustrates a timing diagram illustrating opera- 
tion according to the third embodiment of the invention 
illustrated in Figure 5a. 
Detailed Description 

[0029] As described in the foregoing, 3T1C gain cell DRAM may 
be an attractive alternative to 1T1C DRAM that is typically 
being used in embedded DRAMs now. Faster read cycle 
time performance than 1T1C DRAM and smaller area re- 
quirement than SRAM make the 3T1C a viable option for 
implementing an embedded DRAM. The 3T1C gain cell 
DRAM makes possible an embedded DRAM that is com- 
petitive with SRAM in performance but which has higher 
integration density, typically being twice as compact as 
embedded SRAM, and therefore, presenting an especially 
attractive option. 

[0030] As described in the embodiments herein, the read cycle 

performance of a 3T1C gain cell DRAM is further improved 
with the use of one or more interlock signals to indicate 
when signals on read bitlines are sufficiently developed to 
be amplified by sense amplifiers coupled to the gain cell 
array, or when the time has come for read bitlines of the 
gain cell to be precharged again for the next read cycle. 
Although reference has been made to use of the gain cell 



DRAM as an embedded element in chips having proces- 
sors, there is no requirement that the invention be imple- 
mented as an embedded element, as performance im- 
provements flow from the invention even if implemented 
in a standalone gain cell DRAM. 
[0031] Figure 2a is a block diagram illustrating a gain cell DRAM 
of a first embodiment of the invention. As shown in Figure 
2a, a gain cell DRAM 100 includes an array of gain cells 
102 which are accessed by a plurality of read wordlines 
driven by a read wordline (RWL) driver 104, which, in turn, 
is driven by a read wordline (RWL) decoder 106. The RWL 
decoder 106 is also referred to as an "X-decoder", be- 
cause it decodes row addresses which are generally des- 
ignated as "X" addresses (as opposed to "Y" addresses 
which designate column addresses). The RWL decoder 106 
receives predecoded row address input from a predecoder 
108, which, in turn, partially decodes the row address 
from the address 112 input thereto through address 
buffer 110. A write wordline (WWL) decoder 109 and a 
write wordline (WWL) driver 111 are also shown connected 
to the gain cell array 102, although they will not be fur- 
ther discussed, as the focus of the invention is on im- 
provements to read cycle operation. 



[0032] when a row address is presented to the RWL decoder 106 
and decoded and used to enable a RWL driver 104, a read 
wordline 114 within the gain cell array 102 is activated, 
which then permits the high and low states stored in gain 
cells accessed by the activated RWL to be transferred to 
read bitlines (RBLs), e.g. RBLs 116 and 118 of the gain cell 
array 102. The RBLs, in turn, are connected to sense am- 
plifiers 120 through precharge circuitry 122. The sense 
amplifiers 120 are further connected to data latch circuitry 
124. for buffering and outputting the data read from the 
array 102. During the active portion of the read cycle, 
sense amplifiers 120 latch the output of each RBL to a 
logic high bit or logic low bit and then output the latched 
bits through data latch circuitry 124. 

[0033] Control over the timing of the read operation is effected 
through row control circuitry 130. In this first embodi- 
ment of the invention, the row control circuitry receives a 
row address strobe signal (RASP), the "P" indicating that 
the signal is suitable for input to a p-type field effect 
transistor (PFET). The RASP signal times the operation of 
row control circuitry 130 and its generation of other sig- 
nals for controlling read operation of the array 102. For 
example, the signal X_PRE generated by the row control 



circuitry 130 times the precharging of X decoder circuits 
within the RWL decoder 106. Also generated in response 
to the RASP signal are a wordline interlock signal 132 
which disables X decoder circuits. The interlock signals 
BPRE and SETN are further generated in response to the 
RASP signal, and are used for timing the precharging of 
read bitlines and the setting of sense amplifiers 120, re- 
spectively. 

[0034] Figure 2b is a schematic diagram illustrating the structure 
of an individual X-decoder circuit 200, as coupled to an 
inverter latch 210 and wordline driver 220, in turn, for se- 
lecting and driving a particular read wordline RWL As 
shown in Figure 2b, the X-decoder circuit 200 receives a 
set of predecoded row address inputs, for example: Xij, 
Xkl, and Xmn as shown. The X-decoder circuit 200 also 
receives precharge control input X_PRE 134 connected to 
the gate of a PFET coupled to a supply voltage VDD, and 
also receives a word line interlock signal 132 as input. As 
is apparent from the structure of the X-decoder, the read 
wordline RWL is activated only when all of the predecoded 
address inputs Xij, Xkl, Xmn are high, the precharge signal 
X_PRE, 134 is high and the wordline interlock signal 132 
is high. Under any other condition, RWL is not activated. In 



a departure from general X-decoder circuitry, a wordline 
interlock signal 132 is provided directly to each X- 
decoder 200 of the RWL decoder, as a signal independent 
from the precharge control signal X_PRE 134, the wordline 
interlock signal 132 being capable of quickly deactivating 
the active RWL after sufficient time of the active portion of 
the read cycle has elapsed. 
[0035] | n an example of operation, the wordline interlock signal 
132 controls the timing at which wordlines of the array 
are deactivated, such that the active read cycle time for 
each gain cell of the array is held to a minimum. In an ex- 
emplary read operation, the X-decoder 200 is initially 
precharged by a low-going input X.PRE 134, which holds 
RWL at an inactive level. Upon receipt of the RASP strobe, 
the row control circuitry 130 deactivates the X_PRE 
precharge signal 134 and also deactivates the wordline 
interlock signal 132, if active before. The predecoded ad- 
dress inputs Xij, etc., to X-decoder 200 now operate the 
X-decoder 200 to activate a particular read wordline RWL 
(e.g. RWL 114) when all of the address inputs thereto 
match. In such case, RWL 114 is activated, which then 
causes signals representing the data stored in each of the 
gain cells coupled to RWL 114 to be transferred onto read 



bitlines (RBL) including RBLs 116 and 118. 
[0036] After a period of delay, determined in relation to the RASP 
strobe signal, the row control circuitry 130 generates the 
wordline interlock signal 132, which is then provided to 
X-decoders of the RWL decoder 106, and results in the 
deactivation of the RWL 114. Since the wordline interlock 
signal 132 is provided directly to each X-decoder 200, it 
disables the X-decoder regardless of the state of the 
precharge signal X_PRE 134, or the respective states of 
the address inputs Xij, Xkl, Xmn. The timing of the word- 
line interlock signal 132 is preferably controlled by the 
row control circuitry 130 in a manner which provides a 
timing margin relative to the SETN signal which times the 
start of signal amplification by the sense amplifiers 120. 
Thus, in a preferred embodiment, after a read wordline 
114 is activated, after which data from gain cells accessed 
thereby are sensed by the sense amplifiers 120 upon re- 
ceiving the SETN signal, and the sensed data is then 
latched by data latch circuitry 124 to hold the read data 
ready for data transfer. After these events, the row control 
circuitry 130 activates the wordline interlock signal 132, 
in response to which the RWL is deactivated. In this way, 
the read wordlines of the gain cell array are operated with 



a shortened "ON" time, or "active" time that is ended by 
the wordline interlock signal 132. Thereafter, the 
precharge cycle is promptly begun, to prepare for the next 
read operation. 

[0037] The precharging of the read bitlines is conducted with the 
same timing as the wordline interlock signal 132, 
promptly after deactivating the wordline. Although the X- 
decoder 200 already begins the precharge cycle upon re- 
ceipt of the wordline interlock signal 132, the X_PRE 
precharge signal 134 can also be activated now, for the 
purpose of holding the X-decoder 200 inactive until the 
time the X-decoder 200 is operated again in the next read 
cycle. 

[0038] Figure 3a illustrates another embodiment of the invention. 
In this embodiment, bitline monitoring circuitry 310 is 
added to the gain cell DRAM 300, for the purpose of ac- 
curately timing the generation of the wordline interlock 
signal. Other than the bitline monitoring circuitry 310, 
other circuitry of the gain cell DRAM 300 is the same as 
that shown and described above relative to Figure 2a. The 
bitline monitoring circuitry 310 includes an unused 
(sample) read bitline 320 of the array 302, which is 
preferably coupled to operative but unused gain cells of 



the array and also coupled to actual read wordlines. This 
is in order to accurately represent the timing at which a 
signal from an accessed cell of the array 302 develops to 
a sufficient level at which it can then be sensed by a sense 
amplifier. The sample read bitline is coupled to an ampli- 
fication device 312, preferably a dummy sense amplifier, 
for generating a bitline monitor output signal 322, which 
is then output to row control circuitry 330. The dummy 
sense amplifier 312 is designed to generate the bitline 
monitoring interlock signal with a consistent timing offset 
from the development of the signal of the sample bitline 
at the dummy sense amplifier 312. The timing offset is 
provided to help assure that actual sense amplifiers 326 
are not triggered too early, which could lead to erroneous 
results. 

[0039] The output 322 of the bitline monitor is used directly as 
the wordline interlock signal by the X-decoder (200; Fig- 
ure 2b) of the RWL decoder 306. In such way, the output 
322 is a bitline monitor interlock signal. The X-decoder 
200 promptly deactivates the active RWL in response to 
the bitline monitor interlock signal 322. 

[0040] The bitline monitor interlock signal 322 is also used by 

row control circuitry 330 to generate a SETN signal to time 



the activation of sense amplifiers 326, and to generate a 
bitline precharge signal (BPRE 308) at a short time there- 
after. As also shown in Figure 3a, the bitline monitor in- 
terlock signal 322 is also provided to a circuit 340 which 
generates the row address strobe signal (RASP) as a way 
of providing overriding control over the cycle time of the 
gain cell DRAM 300. By monitoring the timing of the bit- 
line monitor interlock signal 322 over time, the RASP gen- 
erator 340 can determine if the read cycle time of the 
DRAM can be decreased, as by shortening the intervals 
between RASP signals. 

[0041] | n response to the bitline monitor interlock signal 322 the 
address buffer 350 is also disabled, causing address in- 
puts Xi and Xib to predecoder 352 to be returned to the 
precharge state. This is performed in order to prevent os- 
cillation through the closed loop then existing through the 
X-decoder 200 inside the RWL decoder 306, RWL driver 
307 and bitline monitoring circuitry 310 and 312. 

[0042] Figure 3b is a timing diagram illustrating operation of the 
embodiment shown in Figure 3a. At the top of Figure 3b 
are shown a system clock CLK, commands COM, and ad- 
dress input ADD which provide an environment in which 
the embodiment of the invention operates. As shown in 



Figure 3b, the overriding timing signal, row address 
strobe RASP, is triggered in response to CLK. In response 
to RASP, the precharging of the X-decoder is ended 
(signal PRE falls low) and the read wordline RWL is acti- 
vated. Thereafter, a signal develops on the sample read 
bitline RBL. When the RBL signal is sufficiently strong, the 
bitline monitoring circuitry 310 generates the bitline 
monitor interlock signal (INTLOCK), which is then used by 
the row control circuitry 330 to generate the SETN signal, 
causing sense amplifiers of the DRAM 300 to amplify the 
data on the read bitlines coupled thereto, and then output 
the data onto primary data lines PDL. 

[0043] Thereafter, the bitline monitor interlock signal causes the 
X-decoder to disable the active RWL and precharge the X- 
decoder for the next read cycle. Based on the bitline mon- 
itor interlock signal, other events occur, including the de- 
activation of the RASP strobe signal, disablement of the 
address buffer 350, and timing the precharging of the 
read bitlines of the gain cell array 302. 

[0044] Figure 4 illustrates an exemplary embodiment of a bitline 
monitor circuit 400 for outputting a bitline monitor inter- 
lock signal 410 at a consistent timing offset in relation to 
a the arrival of a small amplitude signal on a sample read 



bitline RBL input thereto. The timing offset is generated 
by virtue of a permanent offset voltage that must be over- 
come by the RBL input to the circuit 400, before the bit- 
line monitor interlock signal 410 transitions to high. The 
offset voltage arises because of a difference in the sizes of 
the gates of transistors 402 and 404. The asymmetric 
gate sizes of transistors 402, 404 cause transistor 404 to 
turn on later than it would be otherwise, so as to assure 
that sense amplifiers of the DRAM attached to the array do 
not begin sense amplification until all RBL signals from 
the array have arrived. 

[0045] The trigger condition of the monitor circuit 400 can be 
adjusted by appropriately adjusting the reference voltage 
input thereto. For example, a programmable reference 
voltage can be input thereto, adjusted in response to op- 
erating conditions of the DRAM, such as temperature and 
supply voltage, and/or adjusted in response to a retention 
time of the DRAM. 

[0046] Figure 5a illustrates an arrangement of the gain cell DRAM 
500 suitable for measuring the read cycle time for per- 
forming a read operation in the DRAM. As indicated in the 
foregoing, the read cycle time is the sum of the "ON" time 
for activating a read wordline of the DRAM 500 and the 



precharge time required before activating the next read 
wordline. The arrangement shown in Figure 5a is similar 
to that shown in the gain cell DRAM 300 of Figure 3a, ex- 
cept that the same address input 560 is maintained to the 
address buffer 550, and the bitline monitor interlock sig- 
nal 522 is not used for disabling the address buffer 550. 
The bitline monitor interlock signal 522 is coupled to a 
buffer 540 for outputting the signal to external equipment 
such as a tester. 

[0047] as further illustrated in Figure 5b, while holding the RASP 
signal and an external row address strobe (RAS) signal ac- 
tive at the input to row control circuitry 530, a read com- 
mand to a single read address is issued to initiate read 
cycle operation. As in the example shown in Figure 3a, the 
read row address (ADD) is decoded by predecoder 552 
and RWL decoder 506 to activate a RWL 502 of the array 
500 by RWL driver 507, in turn. The signal on the sample 
read bitline (RBL) 520 is then monitored by the bitline 
monitoring circuitry 510 and when it reaches a sufficient 
magnitude, the bitline monitor interlock signal (INTLOCK) 
522 is generated. The bitline monitor interlock signal 
(INTLOCK) 522, as provided to RWL decoder 506, then 
disables the X-decoder therein, such that the RWL 514 is 



deactivated. Bitline precharge (PRE) and sense amplifier 
set signals (SETN) are triggered in response to the bitline 
monitor interlock 522. 

[0048] while the RASP and RAS signals remain enabled, the bit- 
line monitor interlock signal (INTLOCK) 522 falls there- 
after, as a result of the RWL 114 being deactivated. How- 
ever, as the inactive bitline monitor interlock signal 522 is 
provided to the X-decoder (200; Figure 2) as the wordline 
interlock signal 132, the RWL 114 is activated again upon 
receipt of the inactive bitline monitor interlock signal 522 
by the X-decoder. Thus, a closed loop cycle results in 
which RWL 114 is toggled between active and inactive 
states and the bitline monitor interlock 522 is toggled in 
response thereto between active and inactive states, re- 
spectively. By appropriately buffering and externally out- 
putting the bitline monitor interlock signal 522 through 
buffer 540, the oscillations of that signal can be measured 
externally by an off-chip tester. In such a manner, the 
read cycle time of the gain cell DRAM 500 can be precisely 
measured by measuring the period of oscillation of the 
bitline monitor interlock signal 522. 

[0049] | n a preferred embodiment, a counter and scan chain 545 
are provided for counting pulses of the bitline monitor in- 



terlock signal 522. In such way, the number of times can 
be counted in which the bitline monitor interlock 522 is 
active during a clocked RAS/RASP active period. Then, the 
read cycle time can be determined by dividing the RAS ac- 
tive period by the count maintained by the counter 545. 
Control, resetting, and read out of the counter is provided 
through a scan interface providing scan-in (SI), scan-out 
(SOUT) and scan clock (CLK). After obtaining a count, the 
counter 545 scans the data out of the scan interface to 
external equipment where it can then be analyzed. 
[0050] while the invention has been described with reference to 
certain preferred embodiments thereof, those skilled in 
the art will understand the many modifications and en- 
hancements which can be made thereto without departing 
from the true scope and spirit of the invention, which is 
limited only by the claims appended below. 



